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© Method of plasma chemical vapor deposition of layer with improved interface. 
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© The present invention is directed to a method of 
improving the interface between a surface and a 
layer which is deposited on the surface. The surface 
can be the surface of a body (38) or the surface of a 
layer deposited on a body (38). The surface is 
subjected to the plasma of an inactive gas which 
does not adversely affect the surface or deposit a 
layer thereon. Then the surface is subjected to a 
plasma of a deposition gas which causes the deposi- 
tion gas to decompose and deposit a layer on the 
surface. 
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Field of the Invention 

The present invention is directed to a method 
of improving the interface between layers formed 
by plasma chemical vapor deposition (CVD), and, 
more particularly, to a method of treating a device 
being coated to improve the interface between the 
device and a layer deposited thereon by plasma 
CVD. 

Background of the Invention 

Plasma chemical vapor deposition (CVD) is a 
process used for the deposition of layers of various 
material on a body (substrate), particularly in the 
manufacture of semiconductor devices and the like 
formed on an insulating body, such as glass or a 
semiconductor body. In plasma CVD, a body is 
placed in a deposition chamber which includes a 
pair of spaced electrodes. The body is generally 
mounted on a susceptor which can also serve as 
one of the electrodes. A flow of a deposition gas is 
provided in the deposition chamber. A radio fre- 
quency (rf) voltage is applied between the elec- 
trodes which has a rf power sufficient to cause a 
plasma to be formed in the deposition gas. The 
plasma causes the deposition gas to decompose 
and deposit a layer of the desired material on the 
body. Additional layers can be deposited on the 
first layer by providing in the deposition chamber a 
flow of a deposition gas containing the materials of 
the additional layer to be deposited. Each deposi- 
tion gas is subjected to a plasma which results in 
the deposition of the layer of the desired material. 

One problem which has arisen in this process 
is a tendency toward a poor interface between a 
deposited layer and the body or between adjacent 
deposited layers. Such poor interface can result in 
poor adhesion between the deposited layer and 
either the body or the previous layer on which the 
layer is deposited. Consequently, poor device per- 
formance resulted. The poor interface is generally 
discernable by the deposited layer having a hazy 
appearance and/or having bubbles formed therein. 
It is believed that the poor interface is the result of 
contaminants on the surface being coated, such as 
particles or undesired gas species, or different film 
properties at the interface as compared to the bulk 
film properties. Therefore, it would be desirable to 
be able to improve the interface between the de- 
posited layer and the body or layer on which it is 
deposited to improve the adhesion therebetween. 

Summary of the Invention 

The present invention is directed to a method 
of improving the interface between a surface and a 
layer deposited thereon by plasma chemical vapor 



deposition in which the surface is subjected to a 
plasma of a deposition gas containing the materials 
of the layer to be deposited. The plasma causes 
the deposition gas to chemically react and to de- 
5 posit the material on the body. To improve the 
interface between the deposited layer and the sur- 
face, prior to depositing the layer on the surface, 
the surface is subjected to a plasma of an inactive 
gas which does not adversely affect the surface 
10 and which does not deposit a layer of a material on 
the surface. The surface may be that of a body or 
of another layer deposited on the body. 

Viewed from another aspect, the present inven- 
tion is directed to a method of depositing at least 
75 one layer on the surface of a body. The method 
comprises placing the substrate body in a deposi- 
tion chamber and on a susceptor spaced from an 
electrode. A flow of an inactive gas is provided in 
the chamber with the inactive gas being of a ma- 
20 terial which does not adversely affect the body or 
deposit a layer thereon. A voltage is applied be- 
tween the electrode and susceptor at rf power 
sufficient to generate a plasma in the inactive gas. 
The surface of the body is subjected to the plasma 
25 of the inactive gas. A flow of deposition gas is then 
provided in the chamber and rf power is applied to 
the deposition gas to generate a plasma therein 
which reacts the deposition gas and deposits a 
layer on the body. 
30 The invention will be better understood from 

the following more detailed description and claims 
taken with the accompany drawing. 

Brief Description of the Drawing 

35 

The FIGURE of the drawing is a schematic 
sectional view of a plasma CVD apparatus in which 
the method in accordance with the present inven- 
tion can be carried out. 
40 It should be understood that the drawing is not 

necessarily to scale. 

Detailed Description 

45 In a typical method of coating a body (sub- 

strate), such as of glass, silicon or other semicon- 
ductor material, with one or more layers by plasma 
CVD, the body is placed in a deposition chamber 
on a susceptor. A flow of a deposition gas or 

50 mixture of gases is admitted into the deposition 
chamber and a voltage is applied between an elec- 
trode and the susceptor, which are spaced apart. 
The voltage provides sufficient rf power applied to 
the deposition gas which, at the pressur of th 

55 deposition gas, generates a plasma in the gas. The 
plasma causes the gas to react and deposit the 
desired layer on a surface of the body. In a typical 
embodiment, a power of between about 0.15 and 
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0.8 watts/cm 2 is used to form the plasma in the 
deposition gas. The total power is determined by 
the area of the electrode to which the voltage is 
applied to form the plasma. After the desired layer 
or layers are deposited on the substrate body, the 
body is lifted off of the susceptor and removed 
from the deposition chamber. 

In a method in accordance with the present 
invention, before a layer is deposited on the body 
using the method described hereinabove, a flow of 
an inactive gas is provided in the deposition cham- 
ber. For the purpose of this invention, an inactive 
gas is defined as one which does not adversely 
affect the body or any coatings thereon and which 
does not result in an additional coating(s) being 
applied to the body. Suitable gases typically in- 
clude hydrogen (H2), argon (Ar), nitrogen (N2) and 
ammonia (NH3). A power is applied to the inactive 
gas to cause a plasma to be formed. The power 
applied to the inactive gas is preferably less than 
that which is used to form the plasma in the 
deposition gas, i.e., less than 0.15 watts/cm 2 and 
preferably between 0.03 and 0.14 watts/cm 2 . The 
amount of time that the coated body is subjected 
to the plasma of the inactive gas can be as little as 
about two seconds, but is preferably between 5 
and 15 seconds. Longer times are allowable. Once 
the body is subjected to the plasma of the inactive 
gas, the layer is then deposited on the treated 
body in the manner described hereinabove. Prefer- 
ably, the plasma of the inactive gas is maintained 
while the power is increased and the flow of the 
deposition gas is provided in the deposition cham- 
ber to convert the plasma to that of the deposition 
gas. Thus, the body is substantially continuously 
subjected to a plasma while switching from the 
inactive gas to the deposition gas. 

tt has been found that depositing the layer on 
the treated body provides an improved interface 
between the layer and the body so as to achieve 
improved adherence between the layer and the 
body. The improved interface is evidenced by less 
haze and fewer bubbles in the deposited layer. It is 
believed that the plasma of the inactive gas con- 
tinuously followed by the plasma of the deposition 
gas prevents any contaminants from accumulating 
on the surface being coated to improve the inter- 
face between the layer and the surface. If an addi- 
tional layer or layers are to be deposited on the 
first layer, the already deposited layer is subjected 
to the plasma of the inactive gas prior to depositing 
the additional layer. This provides an improved 
interface between the additional deposited layer 
and the previously deposited layer. As stated 
above, it is preferred to maintain a plasma in the 
deposition chamber while switching from one gas 
and power to another. The use of lower power to 
form the plasma in the inactive gas is preferable 



since it prevents damage to the surface being 
coated, particularly if the surface is of another 
layer. 

Referring now to the FIGURE of the drawing, 

5 there is shown a schematic sectional view of a 
plasma CVD apparatus 10 in which the method in 
accordance with the present invention can be car- 
ried out. Apparatus 10 comprises a deposition 
chamber 12 having a top wall 14 with an opening 

ro therethrough and a first electrode 16 within the 
opening. Alternatively, the top wall 14 can be solid 
with the electrode 16 being adjacent either the 
inner or outer surface thereof. Within the chamber 
12 is a susceptor 18 in the form of a plate which 

75 extends parallel to the first electrode 16. The 
susceptor 18 is typically of aluminum and is coated 
with a layer of aluminum oxide. The susceptor 18 
is connected to ground so that it serves as a 
second electrode. The susceptor 18 is mounted on 

20 the end of a shaft 20 which extends vertically 
through a bottom wall 22 of the deposition chamber 
12. The shaft 20 is movable vertically so as to 
permit the movement of the susceptor 18 vertically 
toward and away from the first electrode 16. A lift- 

25 off plate 24 extends horizontally between the 
susceptor 18 and the bottom wall 22 of the deposi- 
tion chamber 12 substantially parallel to the 
susceptor 18. Lift-off pins 26 project vertically up- 
wardly from the lift-off plate 24. The lift-off pins 26 

30 are positioned to be able to extend through holes 
28 in the susceptor 1 8, and are of a length slightly 
longer than the thickness of the susceptor 18. 
Although there are only two lift-off pins 26 shown, 
there may be more of the lift-off pins 26 spaced 

35 around the lift-off plate 24. An outlet pipe 30 ex- 
tends through a side wall 32 of the deposition 
chamber 12 and is connected to means (not 
shown) for evacuating the deposition chamber 12. 
An inlet pipe 34 also extends through another por- 

40 tion of the outer wall 32 of the deposition chamber 
12, and is connected through a gas switching net- 
work (not shown) to sources (not shown) of various 
gasses. The first electrode 16 is connected to an 
electrical power source 36. A transfer plate (not 

45 shown) is typically provided to carry bodies 
through a load-lock door (not shown) and into the 
deposition chamber 12 and onto the susceptor 18, 
and to remove the coated bodies from the deposi- 
tion chamber 12. 

50 In the operation of the deposition apparatus 10, 

a body 38 is fed into the deposition chamber 12 
and is placed on the susceptor 18 by the transfer 
plate (not shown). The body 38 is of a size to 
extend over the holes 28 in the susceptor 18. The 

55 susceptor 18 is positioned above the lift-off pins 26 
(as is shown) by moving shaft 20 upwards such 
that the lift-off pins 26 do not extend through the 
holes 28, and the susceptor 18 and body 38 are 
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relatively close to the first electrode 16. The depo- 
sition chamber 12 is evacuated through the outlet 
pipe 30, and an inactive gas, such as hydrogen, 
nitrogen, argon or ammonia, is provided into the 
deposition chamber 12. The pressure in the depo- 
sition chamber is set at between 26.7 and 466.6 Pa 
(0.2 and 3.5 Torr). The electrical power source 36 
is turned on to provide rl power between the first 
electrode 16 and the susceptor 18 and through the 
inactive gas. The power is preferably between 0.03 
and 0.14 watts/cm 2 , with the total power being 
based on the area of overlap between the electrode 
16 and the susceptor 18, and is sufficient to gen- 
erate a plasma in the inert gas. The body 38 is 
subjected to the plasma of the inactive gas for at 
least two seconds, and preferably about 10 sec- 
onds. 

After the body 38 is subjected to the plasma of 
the inactive gas in the manner described above, 
the power between the electrode 1 6 and susceptor 
18 is increased to a level of typically between 0.15 
and 0.8 watts/cm 2 . This maintains the plasma of the 
inactive gas. A deposition gas is then fed into the 
deposition chamber 12 through the inlet pipe 34 to 
replace the inactive gas. The pressure in the depo- 
sition chamber is maintained at about 200 Pa (1.5 
Torr). The power between the electrode 16 and 
susceptor 18 is sufficient to now generate a plasma 
in the deposition gas. The plasma causes the de- 
position gas to decompose and deposit a layer of a 
desired material on the surface of the body 38. 
Thus, the body 38 is continuously subjected to a 
plasma while the gas is switched from the inactive 
gas to the deposition gas. 

The composition of the deposition gas depends 
on the material to be deposited. For example, to 
deposit silicon nitride (SisN*), a deposition gas 
comprising a mixture of silane (SiH«), ammonia 
(NH 3 ), and nitrogen (N 2 ) is used. To deposit a layer 
of amorphous silicon, a deposition gas comprising 
a mixture of silane (SiH 4 ) and hydrogen (H 2 ) is 
used. To deposit silicon oxide (SiCk), a deposition 
gas comprising a mixture of silane (SiH«) and ni- 
trous oxide (N 2 0) can be used. One of the gases 
used in the deposition gas mixture is often an 
inactive gas which is also used in the initial treat- 
ment of the body 38. If this is so, it is only 
necessary after the initial treatment to add to the 
flow of the inactive gas the other gas(es) which 
form the deposition gas mixture to achieve the 
deposition of the desired layer. 

If more than one layer is to be deposited on 
the body 38, after the first layer is deposited, the 
first layer is then subjected to a plasma of an 
inactive gas. This is done in the same manner as 
described above for treating the body 38 prior to 
depositing the first layer. The second layer is then 
deposited on the first layer in the same manner as 



described above with regard to the first layer. Any 
number of layers can be deposited on the body 38 
in succession. However, before depositing each 
layer, the previous layer is subjected a plasma of 

5 an inactive gas. It is preferred to maintain the 
plasma in the deposition chamber when switching 
from one gas to another, i.e., inactive gas to depo- 
sition gas or deposition gas to inactive gas. The 
treatment of the body 38 and each layer improves 

to the interface between a deposited layer and either 
the body surface or a previously deposited layer so 
as to improve the adhesion therebetween. This 
improvement is indicated by a layer having an 
appearance which is less hazy and/or has less 

»5 bubbles therein. 

After the final layer is deposited on the body 
38, the shaft 20 is moved downwardly to move the 
susceptor 18 and coated body 38 away from the 
first electrode 16 and toward the lift-off plate 24. As 

20 the susceptor 18 reaches the lift-off plate 24, the 
lift-off pins 26 extend through the holes 28 until 
they engage a bottom surface 38a of the body 38. 
Since the lift-off fins 26 are longer than the thick- 
ness of the susceptor 18, the lift-off pins 26 stop 

25 the downward movement of the body 38. Further 
downward movement of the susceptor 18 causes 
the separation of the body 38 from the susceptor 
18. The coated body 38 is then picked up by the 
transfer plate (not shown) and removed from the 

30 deposition chamber 12. 

In one typical embodiment of the apparatus 10 
shown in the FIGURE of the drawings the electrode 
16 and susceptor 18 are each 38 x 48 cm. A glass 
plate, which is the body 38, was transferred into a 

35 deposition chamber 12 and placed on the suscep- 
tor 18. The susceptor 18 was moved upwardly until 
there was a spacing of 962 mils (24 mm) between 
the susceptor 18 and an electrode 16. A flow of 
hydrogen gas was provided into the deposition 

40 chamber and a pressure of 1 06.7 Pa (0.8 Torr) was 
achieved. The power source 36 to the electrode 16 
was turned on and rf power of 300 watts was 
provided. This created a plasma in the hydrogen 
gas. The glass plate was subjected to the hy- 

45 drogen plasma for 10 seconds. The power to the 
electrode 16 was increased to 1200 watts which 
maintained the plasma of hydrogen. The flow of 
hydrogen gas was then replaced with a flow of a 
deposition gas comprising a mixture of silane, am- 

so monia and nitrogen and a pressure of 200 Pa (1.5 
Torr) was achieved. The susceptor 18 was main- 
tained at a spacing of 962 mils (24 mm) from the 
electrode 16. The power to the electrode 16 was 
sufficient to result in a plasma being achieved in 

55 the deposition gas mixture. The plasma caused the 
silane and ammonia to react and deposit a layer is 
silicon nitride on the surface of the glass plate. 
After a layer of silicon nitride of the desired thick- 
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ness was achieved, the flow of the deposition gas 
was stopped, the power turned off and the coated 
glass plate was removed from the deposition 
chamber 12. 

In another typical embodiment of the apparatus 
10 shown in the FIGURE of the drawing the elec- 
trode 16 and susceptor 18 are each also 38 x 48 
cm. A glass plate (which is the body 30) was 
transferred into the deposition chamber 12 and 
placed on a susceptor 18. The susceptor was 
moved upwardly toward an electrode 16 until there 
was a spacing of 962 mils (24 mm) therebetween. 
A flow of hydrogen was provided into the deposi- 
tion chamber and a pressure of 106.7 Pa (0.8 Torr) 
was achieved. The power source 36 was turned on 
to obtain a power of 250 watts between the elec- 
trode 16 and susceptor 18. This resulted in the 
formation of a plasma in the hydrogen. The glass 
plate was subjected to the plasma of hydrogen for 
10 seconds. 

The power to the electrode 16 was increased 
to 1200 watts which maintained the plasma of 
hydrogen. The flow of hydrogen was then replaced 
with the flow of a deposition gas comprising a 
mixture of silane, ammonia and nitrogen. The pres- 
sure of the deposition gas was set at 200 Pa (1.5 
Torr) and the spacing between the electrode 16 
and susceptor 18 was maintained at 962 mils (24 
mm). The power to the electrode 16 was sufficient 
to result in the formation of a plasma in the deposi- 
tion gas which caused the deposition gas to react 
and deposit a layer of silicon nitride on the surface 
of the glass plate. 

The power to the electrode 16 was decreased 
to 250 watts which was still sufficient to maintain a 
plasma of the deposition gas. The flow of the 
deposition gas was replaced with a flow of hy- 
drogen which was maintained at a pressure of 
(106.7 Pa (0.8 Torr). The spacing between the 
electrode 16 and susceptor 18 was maintained at 
962 mils (24 mm). The power to the electrode 16 
was sufficient to generate a plasma in the hy- 
drogen. The glass plate with the coating of silicon 
nitride thereon was subjected to the hydrogen plas- 
ma for 10 seconds. 

The power to the electrode 16 was then in- 
creased to 250-300 watts which maintained the 
plasma of the hydrogen. The flow of only hydrogen 
was replaced with a flow of a second deposition 
gas comprising a mixture of silane and hydrogen 
which was set at a pressure of 106.7 Pa (0.8 Torr). 
The spacing between the electrode 16 and suscep- 
tor 18 was maintained at 962 mils (24 mm). The 
power to the electrode 16 was sufficient to gen- 
erate a plasma in the second deposition gas. The 
plasma caused the silane to react to deposit a 
layer of amorphous silicon on the silicon nitride 
layer. The flow of the second deposition gas was 



stopped, the power source turned off, and the 
coated glass plate was removed from the deposi- 
tion chamber 12. 

Thus, there is provided by the present inven- 
5 tion a method of treating a surface on which a layer 
is to be deposited by plasma CVD so as to im- 
prove the interface between the surface and the 
layer. The surface can be that of a body with the 
layer being deposited directly on a surface thereof, 
10 or can be that of a first layer on a body with a 
second layer being deposited on the first layer. 
The improved interface is achieved by treating the 
body in a plasma of an inactive gas which does not 
adversely affect the body and which does not in 
75 itself deposit a layer on the body. The improved 
interface is visually indicated by reduced haze 
and/or bubbles being formed on the layer which is 
deposited on the body. 

It is to be appreciated and understood that the 
20 specific embodiments of the invention are merely 
illustrative of the general principles of the invention. 
Various modifications may be made consistent with 
the principles set forth. For example, inactive gases 
other than those listed above may be used as long 
25 as they can form a plasma and do not adversely 
affect the body or layer on which the layer is to be 
deposited, and do not in themselves deposit a 
layer on the body. Also, substrate bodies of ma- 
terial other than those listed above can be used. 

30 

Claims 

1. A method of providing a good interface be- 
tween a surface and a layer deposited thereon 

35 by plasma chemical vapor deposition to 

achieve good adhesion therebetween compris- 
ing the step of: 

subjecting the surface to a plasma of a 
first gas which does not chemically react with 

40 the surface and does not deposit a layer con- 

taining the material of the first gas thereon, 
and then 

subjecting the surface to a plasma of a 
deposition gas which is reacted to deposit the 
45 layer of a meterial on the surface, 

the surface being subjected to a gas plas- 
ma substantially continuously from the plasma 
of the first gas to the plasma of the deposition 
gas. 

50 

2. The method of claim 1 , 

in which the first gas is selected from the 
group consisting of hydrogen, nitrogen, argon 
and ammonia. 

55 

3. The method of claim 2, 

in which the first gas is provided at a pressure 
of between 26.7 and 466.6 Pa (0.2 and 3.5 



EP 0 630 989 A2 



10 



Torr). 

4. The method of claim 3, 

in which the surface is subjected to the plasma 
of the first gas for a period of between about 2 
and 15 seconds. 

5. The method of claim 4, 

in which the plasma of the first gas and the 
deposition gas is formed by applying rf power 
through the gas, and the power applied to the 
first gas is less than that applied to the deposi- 
tion gas. 

6. The method of claim 1 , 

in which after the layer is deposited on the 
surface the additional steps of subjecting the 
layer to a plasma of the first gas, and deposit- 
ing a second layer on the first layer by plasma 
vapor deposition. 

7. The method of claim 6, 

in which the first gas is selected from the 
group consisting of hydrogen, nitrogen, argon 
and ammonia. 

8. The method of claim 7, 

in which the surface and the first layer are 
each subjected to the plasma of the first gas 
for a period of between 2 and 15 seconds. 

9. The method of claim 8, 

in which each of the first and second layers is 
deposited by forming a plasma in a deposition 
gas which causes the deposition gas to react 
and to deposit a layer. 

10. The method of claim 9, 

in which the plasma of the first gas and each 
of the deposition gases is formed by applying 
a rf power thereto, and the rf power applied to 
the first gas is less than that applied to the 
deposition gas. 

11. The method of claim 6, 

in which the gas plasmas are maintained sub- 
stantially continuously as the plasma is 
switched between the first gas and each of the 
deposition gases. 

12. A method of depositing at least one layer on a 
surface of a body (38) comprising the steps of: 

placing the body (38) in a deposition 
chamber (12) and on a susceptor (18) spaced 
from an electrode (16); 

flowing a first gas into the deposition 
chamber (12) which first gas does not chemi- 
cally react with the body (38) or deposit a 



layer containing the material of the first gas on 
the body (38); 

applying a voltage across the electrode 
(16) and the susceptor (18) at a rf power 

5 sufficient to generate a plasma in the first gas 

which is applied to the body (38); 

flowing a deposition gas into the deposi- 
tion chamber (12) containing elements of a 
material to be deposited on the body (38); and 

70 applying rf power to the deposition gas 

sufficient to form a plasma in the deposition 
gas which causes the deposition gas to react 
and deposit a layer on the body (38); 

the gas plasmas being maintained sub- 

75 stantially continuously while switching from the 

first gas to the deposition gas. 

13. The method of claim 12, 

in which the first gas is selected from the 
20 group consisting of hydrogen, nitrogen, argon 

and ammonia. 

14. The method of claim 13, 

in which the gases in the chamber (12) are at a 
25 pressure of between 26.7 and 466.6 Pa (0.2 

and 3.5 Torr). 

15. The method of claim 14, 

in which the body (38) is subjected to the 
30 plasma of the first gas for a period of 2 to 15 

seconds. 

16. The method of claim 15, 

in which the rf power applied to the first gas is 
35 less than that applied to the deposition gas. 

17. The method of claim 12, 
further comprising the steps of: 

after the layer is deposited on the body 
40 (38), providing in the chamber (12) a flow of a 

first gas which does not chemically react with 
the deposition layer or cause a layer to be 
deposited thereon; 

applying rf power to the first gas to form a 
45 plasma which is applied to the deposited layer; 

then 

providing in the chamber (12) a flow of a 
second deposition gas; and 

applying to the second deposition gas rf 
50 power sufficient to form a plasma in the sec- 

ond deposition gas to react and deposit a 
second layer on the first layer. 

18. The method of claim 17, 

55 in which the gas plasmas are maintained sub- 

stantially continuously while switching between 
the first gases and the deposition gases. 
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